The abnormal appearance and number of granulocytes in the various leukemias suggest that phagocytosis by granulocytes in all stages of maturity might be so disturbed that leukemic patients might become more susceptible to bacterial infections than normal persons. Phagocytic activity among immature granulocytes is only slight but increases with maturity and becomes prominent among metamyelocytes and mature leukemic neutrophils (1-4). It has not been established, however, whether mature leukemic neutrophils are equal in phagocytic activity to normal mature neutrophils. Such a comparison has been attempted by Hirschberg (5) who concluded that the mature neutrophils in leukemic blood displayed less phagocytic activity than mature neutrophils in normal blood. Her results are open to question, however, because comparisons were made between phagocytic systems which were not uniform with respect to: 1) The number of phagocytes per unit volume; 2) quantity of opsonin; and 3) character of suspending menstruum. She also neglected to take into account the possible effect of antileukemic treatment on the phagocytic properties of leukocytes.
The abnormal appearance and number of granulocytes in the various leukemias suggest that phagocytosis by granulocytes in all stages of maturity might be so disturbed that leukemic patients might become more susceptible to bacterial infections than normal persons. Phagocytic activity among immature granulocytes is only slight but increases with maturity and becomes prominent among metamyelocytes and mature leukemic neutrophils (1-4). It has not been established, however, whether mature leukemic neutrophils are equal in phagocytic activity to normal mature neutrophils. Such a comparison has been attempted by Hirschberg (5) who concluded that the mature neutrophils in leukemic blood displayed less phagocytic activity than mature neutrophils in normal blood. Her results are open to question, however, because comparisons were made between phagocytic systems which were not uniform with respect to: 1) The number of phagocytes per unit volume; 2) quantity of opsonin; and 3) character of suspending menstruum. She also neglected to take into account the possible effect of antileukemic treatment on the phagocytic properties of leukocytes.
In the present study, the activity of mature leukemic granulocytes was measured in two ways: 1) Suspensions of leukemic and suspensions of normal leukocytes, containing approximately equal numbers of mature granulocytes, were inoculated with opsonized type II pneumococcus and the phagocytic activity of leukemic granulocytes was compared with that of normal granulocytes. 2) Heparinized leukemic blood was divided into two portions and the buffy coat removed from one to lower the count of mature neutrophils to normal levels; each portion was inoculated with pathogenic staphylococci and the number of culturable staphylococci were counted before and after six hours' incubation.
The simultaneous performance of these two tests on specimens from a given patient provided information not only on the action of single mature granulocytes in a standardized menstruum, but also on the collective action of leukemic leukocytes in their own blood. Observations were also made: 1 ) On the effect of antileukemic therapy on phagocytosis by neutrophils; and 2) on the incidence of bacterial infection in the patients whose leukocytes were examined. Freshly drawn samples of venous blood obtained from these patients were divided into two portions. One portion was used to provide leukocytes for the test with opsonized pneumococci and one portion was inoculated with pathogenic staphylococci as described below.
2. Measurement of leukocyte activity in a standard phagocytic system. Leukocytes from patients with small buffy layers and from normal persons were separated from fresh venous blood (containing heparin 0.5 mg. per ml. as anticoagulant) by permitting the erythrocytes to sediment at 370 C. for 30 minutes in a glass tube tilted at 60 degrees; then the supernatant plasma was removed with a warm sterile pipette. Supernatant plasma obtained in this way usually contained at least as many leukocytes per cu. mm. as existed in the whole blood, but almost no erythrocytes. Sometimes it was necessary to centrifuge the supernate or the blood itself at 500 r.p.m for 5 minutes to remove the erythrocytes. The leukocytes were sedimented only slightly at this speed. At Approximately 100 mature neutrophils were counted; the number which had ingested pneumococci were re-corded and subsequently referred to as "Per cent phagocytosis." The total number of intracellular pneumococci were also counted and the average number of pneumococci ingested were recorded for those cells which contained intracellular organisms. Results in Tables I, II , III, and IV are given for undiluted opsonin because the results with diluted opsonin were confirmatory.
3. Measurements of the antibacterial action of whole leukemic blood. The purpose of this experiment was to determine the capacity of whole leukemic blood inoculated with pathogenic staphylococci to lower the bacterial count after 6 hours incubation at 370 C. Pathogenic staphylococci were selected as the test organism not only because they produced most bacterial infections in leukemic patients, but also because they multiplied rapidly in fresh plasma or in leukocyte-free whole blood incubated at 37°C. Although this test has been regarded as a measure of bactericidal activity, it has been demonstrated that the decrease in number of bacterial colonies results from phagocytosis and intracellular clumping, rather than from killing of staphylococci (7). When leukemic or normal phagocytes are disrupted with distilled water or by raising the pH above 10, the dispersed cocci grow separately instead of in clumps and the number of colonies increases greatly in the agar plates. The alkaline pH also breaks up the extracellular clumps of coagulase positive staphylococci which are present in plasma.
The Leukemic whole blood used in these experiments was part of that drawn to provide leukocytes for the standardized phagocytic system in Section 1 and permitted simultaneous performance of both procedures on aliquots from the same sample. The portion used for inoculation with staphylococci was divided into equal aliquots; the leukocyte count was lowered considerably in one of the aliquots by pipetting off the buffy coat. Two and one half ml. of blood with buffy coat intact and 2.5 ml. of blood with buffy coat removed were each inoculated with 0.5 ml. of staphylococcal suspension and incubated for 6 hours at 370 C. in tubes measuring 38 X 180 mm. The tubes were not agitated because it was found that agitation for a an average number of intracellular pneumococci equal to or greater than the average observed in normal phagocytes serving as controls. Two of these patients were those who had undergone remission after treatment and whose leukocytes were all as active as normal. Only a fraction of the leukocytes from the other five patients were phagocytic, but the phagocytic cells were, on the average, as active as normal or more so. In addition to the two whose leukocyte function was normal during remission, three patients (M. L. Both band and segmented cells were regarded as mature neutrophils. Numerous reports have disclosed that there is no significant difference between the phagocytic activity of band forms and segmented forms from normal persons (2) (3) (4) 8) . Phagocytosis by metamyelocytes was occasionally observed but rarely if ever occurred among myelocytes or younger cells in our preparations. Distinction between band and segmented forms was sometimes difficult when the cell contained numerous cocci. For this reason no attempt was made to compare quantitatively the relative phagocytic power of band cells and segmented cells. Table I discloses that in chronic granulocytic leukemia the per cent phagocytosis was usually much less than the per cent of segmented neutrophils in a given suspension. It is clear, therefore, that phagocytosis by segmented neutrophils was impaired in chronic granulocytic leukemia.
Samples of blood from each of the 12 patients whose mature neutrophils showed impaired phagocytosis of pneumococci reduced the number of culturable staphylococci in 6 hours as readily as normal blood. Bloods from a total of 19 of 20 patients lowered the total staphylococcal count as effectively, or more so, than normal blood. The one exception (E. H.) was a patient whose blood contained mostly band neutrophils. Although his blood did not lower the bacterial count, it prevented growth.
The observed impairment of phagocytosis by individual neutrophils in chronic granulocytic leukemia, as measured by the phagocytosis of pneumococci, was also demonstrated when the total neutrophil count of whole leukemic blood was reduced to normal. Thus, in bloods from seven patients, removal of the buffy coat not only reduced the neutrophil count to levels approaching normal, but also rendered the blood incapable of lowering significantly the count of staphylococci (Table V) .
Acute and subacute granulocytic leukemia
The per cent phagocytosis by mature neutrophils was at least normal or nearly normal, in eight of nine patients (Table II) . In five of these eight leukemic patients, the average number of pneumococci per phagocytic cell was normal or greater. Only in the suspension made from the cells of one patient (G. S.) were both the per cent phagocytosis and average number of intracellular bacteria reduced when compared to the normal control. He was the only patient of the nine whose total leukocyte count in the peripheral blood was greatly elevated when the test was performed. In three patients (P. C., F. S., and R. V.) there was a great increase in phagocytic activity over normal as judged both by per cent phagocytosis and number of bacteria per cell. Neutrophils from patient F. S. were so heavily packed with pneumococci that the bacteria could not be counted. All bloods from patients with acute or subacute granulocytic leukemia lowered the count of inoculated staphylococci as well as normal blood. The blood from two patients reduced the number of culturable staphylococci despite the presence of only 2,400 (patient E. T.) and 900 (patient F. S.) mature neutrophils per cu. mm.
Chronic lymphocytic leukemia (Table III) The per cent phagocytosis by mature neutrophils from five patients was essentially normal. The per cent phagocytosis by leukocytes from two patients (J. H. and J. M.) was reduced, but not by much. Phagocytes from five of the seven patients contained more intracellular pneumococci than normal, from one patient (J. M.) the same as normal, and only those from patient W. Y., less than normal. Two of the patients (J. P. and H. C.) whose leukocytes were more active than normal were receiving x-ray therapy during the periods when the tests were made. Patient J. M., whose leukocyte function was slightly reduced, was also receiving x-ray therapy.
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Although the count of mature neutrophils was 4,000 per cu. mm. or less in the blood of five of seven patients, normal or nearly normal reduction in numbers of inoculated staphylococci was observed in each case. The blood of patient A. R., containing only 3,600 mature neutrophils per cu. mm., reduced the number of culturable staphylococci by almost 90 per cent or more than that produced by normal blood. His leukocytes were also exceedingly active in the standardized phagocytic system against pneumococci.-Acute and subacute monocytic and lymphocytic leukemias (Table IV) It was possible to test the neutrophils of only one patient (A. G.) for phagocytosis of pneumococci. These were more active than normal. Some of the promonocytes (per cent not determined) of patient H. T. showed tremendous phagocytic activity and engulfed so many pneumococci that the bacteria could not be counted in each cell.
These phagocytic promonocytes were apparently so active that they restrained the growth of inoculated staphylococci and even lowered the count on one occasion (4/17/53). Similar activity of monocytes or promonocytes may be evident in the case of W. S. whose blood reduced a small inoculum of staphylococci by nearly 50 per cent. The number of phagocytes in the bloods of the other three patients in this group were too low to restrain staphylococcal multiplication.
Phagocyti activity of normal leukocytes in leukemic plaskas (Table VI 
DISCUSSION
There are at least two possible explanations for the decreased phagocytic activity of mature neutrophils in chronic granulocytic leukemia, observed in this study. One possible explanation is that there is an inherent defect in the leukemic cell. The other is that leukemic plasma contains a factor which is injurious to the neutrophil. Whatever the cause, the decreased phagocytic activity could not have been anticipated by morphologic study because the nuclear configuration and cytoplasmic structure of most of the mature leukemic neutrophils were normal. The existence of functional changes without morphologic abnormality in neutrophils has also been suggested by observations on leukocytes removed from patients with diabetes and anemia. Recently, Martin, McKinney, Green, and Becker (9) have reported that leukocytes from diabetics cannot oxidize glucose normally in titro unless insulin is provided. In anemia, Berry and Spies (10) have found that neutrophils, instead of showing disturbed activity, possess greater phagocytic capacities than normal cells.
This state of reduced phagocytic capacity is not a universal feature of the leukemic process, however. In chronic lymphocytic leukemia, in acute granulocytic leukemia, and perhaps in acute lymphocytic leukemias, the individual function of the granulocytes was not usually disturbed. Because of the diminished total numbers of cells, however, the total antibacterial activity of whole blood in these conditions was sometimes less than that of blood from patients with chronic granulocytic leukemia and even less than normal.
It does not seem likely that the decreased activity of neutrophils in granulocytic leukemia was due to irradiation because leukocytes from patients who never received irradiation prior to the study displayed impaired phagocytic activity. Moreover, irradiation appears to enhance rather than depress phagocytic activity. Thus leukocytes from some patients with lymphocytic leukemia receiving Roentgen irradiation displayed greater phagocytosis than normal. In animals, irradiation has also produced greater phagocytosis than normal by neutrophils (11) . There is little question that in several patients with granulocytic leukemia, radiation therapy actually produced an improvement in phagocytic activity. The effect of urethane appeared to differ from that of irradiation in the one patient studied because there was a decrease instead of increase in phagocytic activity.
Although the function of the individual cell is impaired in chronic granulocytic leukemia, the excess number of granulocytes raises the total antibacterial defense of the whole blood to normal. Since tissues receive their granulocytes from the blood, it is not surprising that the cellular morphology of the inflammatory reaction in infected tissues is normal in granulocytic leukemia. Jaffe (12) found that in these patients the cells comprising the inflammatory reaction had the appear-ance of normal neutrophils and they were present in normal numbers or greater.
Bacterial infections were not frequent among the patients in this report (Table VII) . Only two patients with chronic granulocytic leukemia suffered from infection. These were both mild furuncles which were promptly localized. Three patients with acute granulocytic leukemia appeared to suffer bacterial infections. Two patients had a sore throat from which coagulase positive staphylococci were cultured. These bacteria are frequently present without producing infection and cannot be definitely regarded as the cause of the sore throats. A third patient experienced a generalized pustular eruption. All three cases recovered after receiving antibiotics. No bacterial infections were noted in 12 patients with lymphocytic leukemia. The relatively low incidence of severe infection in all patients studied may be correlated with observations on leukocyte function. In chronic granulocytic leukemia, an excess number of neutrophils offsets poor individual function. In lymphocytic leukemia, and in the acute leukemias, there appear to be enough normally active phagocytes for defense against bacterial infection even though the total numbers may be somewhat lower than normal. Thus, Jaffe (12) observed that patients with very low leukocyte counts could mobilize adequate numbers of neutrophils from isolated foci in the bone marrow to provide good cellular defense reactions to infection in the tissues. Other cells than granulocytes may also contribute significantly to cellular defense in leukemia. An example of this is provided by the patient with acute monocytic leukemia whose promonocytes were so actively phagocytic that whole blood containing them but no other phagocytes possessed total antibacterial properties equal to that of normal blood. The extreme susceptibility of certain patients with acute leukemia to bacterial infections appears to be a function of a marked decrease in total number of mature granulocytes rather than a decrease in function of individual cells.
The antiphagocytic and leukocyte-destroying properties of stored leukemic plasmas are recorded here as a preliminary observation of interest. The two plasmas most destructive for neutrophils were obtained from patients with granulocytic leukemia when their leukocyte counts were low. Yet the activity of their own leukocytes against staphylococci was good in the fresh whole blood from which the stored plasmas were obtained. In one of these patients, however, the total leukocyte count had fallen from 220,000 to 16,500 just before the plasma was obtained. It remains to be determined if the factor in leukemic plasma which is toxic for leukocytes is related to the leukotoxic substance demonstrated by Doan (13) , and what role, if any, it may have in the pathogenesis of leukemia.
SUMMARY AND CONCLUSIONS
Phagocytic activity of leukocytes in 45 cases of leukemia was studied by two methods: 1) Suspensions of leukemic and suspensions of normal leukocytes, containing approximately equal numbers of mature granulocytes were inoculated with opsonized type II pneumococcus and the phagocytic activity of leukemic cells was compared to that of normal granulocytes; 2) Heparinized leukemic blood was divided into two portions and buffy coat removed from one to lower the count of mature neutrophils to normal levels. Each portion was inoculated with pathogenic staphylococci and the number of culturable staphylococci were counted before and after 6 hours incubation.
Pneumococci were phagocytosed less actively by mature granulocytes from chronic granulocytic leukemia than by normal granulocytes. In lymphocytic leukemia, phagocytosis of pneumococci by granulocytes was usually normal. Treatment of patients by irradiation sometimes restored normal phagocytosis in granulocytic leukemia.
Similarly, in chronic granulocytic leukemia, when buffy coat was removed to leave a count of 5,000 to 10,000 mature granulocytes per ml. of blood, the number of culturable staphylococci was often not significantly lowered. Yet normal bloods averaging 5,000 mature granulocytes markedly reduced the numbers of staphylococci. If buffy coat was not removed, blood from chronic granulocytic leukemia also reduced markedly the number of staphylococci.
In chronic granulocytic leukemia, phagocytosis by individual granulocytes was usually impaired but overproduction of granulocytes raised the total defense of the blood to normal. In chronic lymphocytic, and certain acute leukemias, individual function of mature granulocytes is usually undisturbed, but decrease in total numbers sometimes weakens antibacterial defense.
